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AUXILIARY POWER UNIT 


INTRODUCTION 

by 

Donald G. Beremand 
Lewis Research Center 


The Lewis Research Center currently is engaged in a program to 
develop the technology for a hydrogen-oxygen fueled Auxiliary Power 
Unit (APU) for the Space Shuttle vehicles. APUs are required to pro- 
vide all hydraulic power on both the Booster and Orbiter vehicles. 
They will also provide all electrical power for the Booster and will 
supplement other electrical power sources during the launch, reentry, 
and landing phases for the Orbiter. Typical APU requirements are 
summarized briefly in figure 1. Peak power levels still vary sub- 
stantially in the various vehicle studies and these values are 
representative of the low end of the range of peak powers of about 
200 to 600 horsepower. 


Critical requirements for the APU design imposed by the mission 
requirements are the combination of : 

T , . maximum power ^ n n 

Large power ratios - ^ ■■■ ^10:1 

minimum power 

Rapid power transients - minimum power to maximum 

power in .075 seconds 

Limited operation at peak power < 10% of mission 

Peak power operation required from sea level to 
orbital altitudes 


For reasons of cost, it is desired to provide a common APU for 
the Booster and Orbiter vehicles even though the specific requirements 
of the two vehicles may vary. In addition, a requirement has been 
established that the APU be self-cooling in order to avoid placing 
additional cooling loads on other vehicle systems. 

In August 1970 preliminary APU design study contracts were placed 
with AiReseareh Manufacturing Company, Los Angeles, and Rocketdyne, 

Canoga Park. Both contracts are two-phase efforts. The Phase I efforts, 
completed in December 1970, were aimed at studying and screening candi- 
date systems to select a basic system concept. The objective of each 
of the Phase II efforts now underway is to generate a detailed APU 
design based on this concept. This design effort will be carried 
through engineering analysis and detailed layout drawings of the 
components and system. 

The papers that follow present the major results and analyses 
generated in these contract efforts. The authors were requested to 
concentrate on somewhat different aspects of their studies to avoid 
undue duplication in the presentations. 
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"AUXILIARY POWER UNIT DESIGN STUDIES" 


W. L. BURRISS 
M. L. HAMILTON 

AIRESEARCH 


TECHNICAL MANAGER 
J. P. JOYCE 

LEWIS RESEARCH CENTER 
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SPACE SHUTTLE APU SYSTEM SELECTION AND PERFORMANCE 


by: W.L. Burriss and M.L. Hamilton 

AiResearch Manuf actur i ng Company, Los Angeles 


INTRODUCTION 

This paper presents a portion of the studies performed by AiResearch for 
NASA Lewis Research Center under Contract NAS 3-14408. These studies have 
synthesized a number of possible system configurations for the Space Shuttle 
APU. All of these configurations meet the primary APU requirements, to provide 
output hydraulic and electric power to the vehicle in accordance with specified 
power and altitude profiles for the booster and orbiter missions. A principal 
study requirement is that common hardware be used on both stages of the Shuttle 
vehicle. 

To select that system conf i gurat i on best meeting the requirements, 
AiResearch has evaluated the performance of each of the candidate APU systems. 
Although primary emphasis has been placed on determining the amount of propellant 
consumed during a vehicle mission, other performance parameters, such as cost, 
reliability, ease of maintenance, etc., have also been considered in the NASA- 
supplied evaluation criteria. It should be noted that over 70 percent of the 
total APU system weight consists of the propellant and its storage tanks; 
therefore, optimization of propellant consumption is of primary concern. 

The evaluation has indicated that recuperated hydrogen-oxygon APU using 
hi gh-pressure gas supplied by the vehicle auxiliary propulsion system (APS) 
is the preferred concept. A self-contained APU system using high-pressure 
propellant storage tanks is a strong runnerup. Because of the strong similarity 
in components between these two concepts, and between a low pressure tank pump 
supplied APU, most of the information generated is applicable to all three 
systems . 
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ALLOWS EXACT ANALYSIS INCLUDING COMPONENT OFF-DESIGN PERFORMANCE, 
DUCTING PRESSURE DROPS, EXPANSION LOSSES, AND REAL FLUID PROPERTIES 



TYPICAL API) SYSTEM STATE POINTS 
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North American Rockwell 
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PROPELLANT SUPPLY 
1000/500 PSIA 
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EXHAUST PRESSURE 
14.7/0 PSIA 




ROCKETDYNE ENGINEERS HAVE, THEREFORE, DRAWN ON THE VAST RESERVOIR OF EXPERIENCE WITHIN 
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FLEXIBILITY IS THE FOREMOST FEATURE OF THE SYSTEM. THE PROPELLANT CONDITIONING SYSTEM 
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The general approach and conduct of the Task I parametric engine study is outlined here. The 
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Evaluate engines on basis of equivalent payload to orbit 



This chart shows some of the significant parameters of the parametric engine family. The engine 
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P23/P2 (Fan Pressure Ratio) 
P3/P2 (Overall Pressure Ratio) 
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TYPICAL PARAMETRIC ENGINE 
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This chart shows the relative or equivalent payload decrement with varying turbofan bypass 
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Dry F101 Engine Near Optimum 
— Selected for Subsequent Tasks 
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The most significant engine technical problem identified is that of airstarting. The problem is 
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further illustrate the ignition and low speed combustion stability area, this chart shows 
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chart amplifies earlier comments concerning starting time. The start time, in 
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This chart amplifies the previous statement. Shown is the confidence level with which a number 
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Task III of the program considered a recommended qualification procedure. Since the work was 
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To summarize the program effort to date the current study has been completed and a derivative 
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GP 71-103 


AIRBREATHING ENGINE STUDIES 
FOR 

SPACE SHUTTLE APPLICATION 

Prepared By: H. G. Moore 

Pratt & Whitney Aircraft 
West Palm Beach, Florida 

Contract: NAS3-14403 

Arthur J. Glassman, Project Manager 

Baseline concepts of both the booster and orbiter stages of the Space Shuttle 
presently require recovery and landing to be accomplished in a manner similar 
to conventional aircraft. To complete this portion of the mission, and provide 
booster flyback, airbreathing engines must be provided. 

Since June 30, 1970, Pratt & Whitney Aircraft (FRDC) has been under contract 
with the NASA Lewis Research Center to conduct studies of hydrogen fueled air- 
breathing engine for the Space Shuttle. As of March 11, 1971, major tasks of 
this study have been completed. Hydrogen fuel was initially selected as the air- 
breathing engine fuel because of payload sensitivity to booster cruise fuel 
weight and vehicle inert weight. Since initiation of this study contract, the air- 
breathing engine fuel has been changed to JP-4. The magnitude of this change 
on total vehicle Gross Liftoff Weight (GLOW) is still being studied, however, 
preliminary results have indicated that GLOW may have increased as much as 
1,000,000 pounds due to the change to JP-4. The costs associated with the 
increased weights may prove to be greater than costs required for a hydrogen 
fueled airbreathing engine system. Potentially large GLOW differences have 
prompted completion of the hydrogen engine studies to identify new technology 
areas, required engine modifications, and estimated costs. It is noted that 
much of the design study work in areas such as space proofing the lubrication 
system, in-flight starting, hot section trades, etc. , are applicable to either 
JP or H 2 fueled Space Shuttle airbreathing engines. 

This presentation reviews the study results and conclusions obtained from the 
hydrogen fueled airbreathing engine studies. 
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To assess the relative importance of engine parameters, technology, and cycle opti- 
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CANDIDATE ENGINE SCREENING PROCEDURES 



1232 


CANDIDATE ENGINE SCREENING PROCEDURE 



CNI CO 

CO o 
r* 

cn eg 
in «- 

O 

U. 



1233 


Pratt & Whitney Rircraft 

FLORIDA RESEARCH ANO DEVELOPMENT CENTER 



NEW ENGINE STUDY 


& ’g 

<■> rt 


rt bf> 

o ® 


S ® 

.5 

% Sd 


<d cj 


he 




CO 

c 

^2 

u 

1 

U-i 

O 

4-» 

CO 

-4-> 

CO 

Cj 

g 

o 

c 

a> 

o 

'a 

"3 

CO 

CD 

> 

4-J 

4-> 

0 

o 

Sh 


§ 

*Q 

a 

cj 

’£ 

4-» 

CD 

CD 

6 

cj 

-4-> 

& 

c 

cj 

a 

£ 

Cj 

<4-1 

o 

0 

Cj 

o 

• ■—4 

<D 

cj 

> 

*9 

+-> 

aJ 

a 

•H 

-4— > 

CD 

cj 

i— 1 

a 

CD 

<-! 

cj 

4-> 

& 

o 

13 

g 


c 

.C 

4-» 

co 

o 


CD 

CO 

CO 

a 

T3 

CD 


CD 

S-i 

"O 

c 


a 'Sb 

-N •P-4 

•D CD 


T3 •? 
CD hO 


<D 

he he 


H C3 
wU •«-* 

he u 


1 1 


r-. rf! 

<D he 


3 m 

<D g 

« 5 


he & 

S 8 


"D Q 

3 * 

w 0 
O ±j 


5 £ he 


0 CO 


1234 



NEW ENGINE STUDY 
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NEW ENGINE 
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• Conclusion - Low Bypass Ratio Optimum 
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NEW ENGINE STUDY 
(COMMON ENGINE) 
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SUMMARY OF CANDIDATE ENGINE COMPARISON 
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SUMMARY OF CANDIDATE ENGINE COMPARISON 
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Candidate Fuel Pumps 


O 

00 

CM 

If) 

G 

ti- 


ro 

o 

CNI 

T— 

rv 


C 

o 

’c/5 

co 

E 

CO 

C 

cu 


OO 


0 ) 

c 

cu 

> 


0 ) 

c 

cu 

> 




0 ) 



00 


c 

E 



E 

cu 

CD 

0 ) 



CD 

O) 

3 

4 - 

E 

CD 

o 

cu 



♦-» 

(/) 

> 

k. 

o 

_cu 

a 

CO 



00 

c 

CD 

a 

CO 

D 



CD 

> 

O 

•o 

Q 

CD 

-Q 



k. 

Q 

CD 

*D 

.2 

V 


a ) 

O) 



MB 

(0 

-Q 

+-» 

CU 

+-» 

CO 

>< 

il 

cu 

> 

cu 

e? 

> 

I 

cu 






ID 

• 

• 

• 

• 

• 

C 

m 






vw 

CJ 






• 


*8 

0 ) 

a 

CO 

0 ) 

-Q 

.2 

Z 

cu 

x > 
o _c 
.Q +-< 

0 ) => 

e? 


Q) 

1 2 

5 s 


< < 


"D 

<D 

a) 

a 

co 


CD 

O) 

c 

LU 


O 

CD 


a o 


x 

o 

-Q 

k> 

cu 

0 ) 

CD 

CD 

c 

’o) 

c 


“D 

0 ) 

(D 

a 

co 

0 ) 


a) — 


-Q 

CD 

sz 

cu 

> 


-Q 

cu 
Z 
cu 

> 

o £ 

£ cu 

a> 

Q C 3 


1247 


Regenerative, Hydrogen Turbine 
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Air Turbine - Similar to augmentor pump drive 

turbine for J58 and F401-PW-400 
engines. 

By utilizing proven design concepts and existing cryogenic test facilities, development cost 
of the hydrogen fuel system can be reduced. 
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